Introduction
============

Vertebral artery dissection is a common cause of ischemic stroke in young adults and is categorized as either spontaneous or traumatic.[@b1-imcrj-5-023] Traumatic vertebral artery dissection may be caused by major penetrating or blunt neck trauma. The incidence of vertebral artery injury among patients with blunt neck trauma is estimated at 0.20%--0.77%.[@b2-imcrj-5-023] Major mechanisms of injury are distraction/extension, distraction/flexion, and lateral flexion. The vertebral artery is easily injured by traction.[@b3-imcrj-5-023] However, only about 12%--24% of unilateral vertebral artery injuries present with signs and symptoms of vertebrobasilar ischemia. Patients with suspected cervical trauma should be examined thoroughly. Definitive diagnosis is made with imaging methods like magnetic resonance imaging, magnetic resonance angiography, and digital subtraction angiography. We present a case of traumatic vertebral artery dissection presenting with life-threatening symptoms.

Case presentation
=================

A 63-year-old man, while under the influence of alcohol, fell on an icy sidewalk and hit his head. He suffered sudden onset of loss of consciousness and was transported to the hospital. He had a past medical history of an unspecified neck surgery. There was no previous use of medications or previous infectious symptoms. He was a nonsmoker, did not have diabetes, and was normotensive. There was no family history of thrombophilia or venous thromboembolism.

At the emergency room he was in respiratory arrest with severe hypotension and bradycardia. His body temperature was low (33.8°C). His pupils were dilated and his Glasgow Coma Scale score was 3 (E1, V1, M1). After immediate respiratory and circulatory management, he was admitted. He needed mechanical ventilation and intravenous pressors because of sustained hypotension. There was no evidence of hemorrhagic shock. Head computed tomography scans, chest and cervical portable radiography, electrocardiography, and echocardiography were unremarkable. Laboratory data were unremarkable except for hyperglycemia (240 mg/dL) and elevated creatine phosphokinase (352 IU/L). A lumbar puncture showed cerebrospinal fluid protein of 86 mg/dL and glucose of 124 mg/dL (blood glucose 204 mg/dL). There were five white cells and no xanthochromia in 10 mL of cerebrospinal fluid. Seven hours later, a subarachnoid hemorrhage was detected following computed tomography scans ([Figure 1](#f1-imcrj-5-023){ref-type="fig"}), and repeat lumbar puncture showed xanthochromia. A cervical spine computed tomography scan showed a fractured C2 odontoid process. We treated him as a high spinal cord injury but failed to detect any reason for the patient's unconsciousness.

By the third hospital day, the patient showed some improvement, with a Glasgow Coma Scale score of 6 (E4, V1, M1) without spontaneous breathing. The pupils were equal with normal light reflexes. Horizontal saccadic and smooth pursuit were disturbed bilaterally. Caloric nystagmus was provoked normally, and Bell's phenomenon was preserved. Facial sensation and movement showed no asymmetry. He was quadriplegic and there was no sensation below the neck. We performed brain and cervical spine magnetic resonance imaging to evaluate central nervous system damage further. T2-short tau inversion recovery images showed disappearance of flow in the left vertebral artery and a hyperintense lesion in the spinal cord ([Figure 2A](#f2-imcrj-5-023){ref-type="fig"}). Axial T2 imaging revealed the hyperintense lesion involving the medial medulla bilaterally, and sagittal T2-weighted images revealed atlantoaxial subluxation, a fractured C2 odontoid process, and a hyperintense lesion extending from the medulla to C5 ([Figure 2B](#f2-imcrj-5-023){ref-type="fig"} and [C](#f2-imcrj-5-023){ref-type="fig"}). Digital subtraction angiography showed that the left vertebral artery terminated just below the level of vertebral body C2 ([Figure 3](#f3-imcrj-5-023){ref-type="fig"}). A diagnosis of medial medullary and upper spinal cord infarction due to traumatic left vertebral artery dissection was made, but no endovascular therapy was attempted.

After diagnosis he underwent a tracheotomy for respiratory management and nasogastric feeding was started. Antiplatelet therapy was not given because he developed a subarachnoid hemorrhage during the clinical course. His general condition and neurological functions did not improve. Three months after diagnosis, he died because of uncontrollable bleeding from a gastric ulcer.

Discussion
==========

Our patient demonstrates a rare and severe case of vertebral artery dissection-associated medulla oblongata and bilateral spinal cord infarction with sudden onset of respiratory arrest and quadriplegia associated with upper cervical spine trauma. Vertebral artery dissection usually leads to symptoms caused by vertebrobasilar ischemia affecting the posterior circulation, but few cases of vertebrobasilar ischemia in patients with cervical spine trauma have been reported previously.[@b9-imcrj-5-023]--[@b17-imcrj-5-023] There are even fewer reported cases of intracranial vertebral artery dissection compared with extracranial dissection.[@b4-imcrj-5-023]--[@b8-imcrj-5-023]

On the other hand, clinical features seen in patients with bilateral medial medullary infarction include quadriplegia or hemiplegic distribution of weakness, unilateral or bilateral lingual paresis, facial palsy, hypoesthesia, respiratory paralysis, oculomotor disturbances, sensory ataxia, vestibular features, dysarthria, and dysphagia. The combination of medullary and cervical spinal cord ischemia due to vertebral artery dissection is uncommon.[@b18-imcrj-5-023],[@b19-imcrj-5-023] Vertebral artery dissection or vertebral artery occlusion is rarely symptomatic because of sufficient collateral blood supply through the contralateral vertebral artery, as in this case. However, if embolic strokes occur, severe neurological symptoms, including the so-called "top of the basilar syndrome", are possible with vertebral artery dissection. The thrombi at the injured arterial site may break free and shower emboli throughout the posterior circulation. Therefore, if we had performed digital subtraction angiography at the onset, we could have detected an embolic occlusion at the top of the basilar artery as a result of thrombi from the injured arterial site. Another consideration should be the role of direct impact to the spinal cord causing a central cord type lesion, thus possibly explaining the part of his lesion which could not be accounted for by problems with the blood supply. Furthermore, medial medullary infarction is rare and occurs in fewer than 1% of all vertebral artery strokes.[@b20-imcrj-5-023] Bilateral medial medullary infarcts are even rarer, and have a dismal prognosis.[@b21-imcrj-5-023],[@b22-imcrj-5-023]

The diagnosis of traumatic vertebral artery dissection is reserved for those patients with a history of significant trauma, including motor vehicle accidents, falls, or penetrating injuries. Despite the severity of the injury mechanism, dissections of the vertebral artery are exceedingly rare. The two vertebral arteries, together with the basilar artery, are the main blood supply to the posterior circulation of the brain. The vertebral arteries are divided into four segments anatomically. Segment I runs from its takeoff at the first branch of the subclavian artery to the transverse foramina of cervical vertebra C5 or C6. Segment II runs entirely within the transverse foramina of C5/C6 to C2. Segment III begins at the transverse foramen of C2, runs posterolaterally to loop around the posterior arch of C1, and passes subsequently between the atlas and the occiput. Segment IV is the intracranial segment. According to previous studies, most of the traumatic dissections involve Segment III.[@b23-imcrj-5-023] Our case also involved Segment III. The proximity of the vertebral artery to the lateral mass of the C2 vertebral body and the ring of the C1 vertebral body is thought to be an important factor in the pathogenesis of vertebral artery dissections related to neck motion.[@b24-imcrj-5-023] This segment is encased in muscles and nerves. The atlanto-occipital membrane represents the segment of interest in our series. This may be secondary to the relative anchoring of the vessel at the C2 foramen transversarium and the dura. Although the true incidence of the condition and its significance remains unclear, blunt vertebral artery injury is associated with complex cervical spine fractures involving subluxation, extension into the foramen transversarium, or upper C1 to C3 fractures.[@b25-imcrj-5-023]

Dissection of a cervicocephalic artery is caused by a rupture within the arterial wall leading to an intramural hematoma. The pathogenesis of vertebral artery dissection in these cases is not fully understood and there is no universal agreement as to which wall is the primary site of dissection. Vertebral artery dissection are often preceded by some form of trauma to the neck. However, the severity of trauma can range from a trivial injury to severe roadside accidents involving direct injury to the neck arteries.

The best therapeutic strategy for intracranial vertebral artery dissection remains unclear and there is currently no consensus on the proper management strategy. In recent years, advances in screening and treatment with anticoagulation and antiplatelet therapy before the onset of neurologic symptoms have improved outcomes for these patients except when arterial transections of the vertebral arteries or absolute contraindications to systemic anticoagulation, such as significant brain injury with intracranial hemorrhage, are present.[@b26-imcrj-5-023]--[@b28-imcrj-5-023] These observations suggest that treatment in the acute phase should be focused more on preventing progression or recurrence of ischemic stroke than on preventing subarachnoid hemorrhage, especially in patients with ischemic presentations. The existence of ischemic presentation is related to unfavorable clinical outcomes.[@b28-imcrj-5-023] Currently recommended treatments for vertebral artery dissection include anticoagulation, antiplatelet treatment, and thrombolysis.[@b4-imcrj-5-023],[@b29-imcrj-5-023] A meta-analysis of 24 studies showed nonsignificant difference in case fatality and survival rates between anticoagulation and antiplatelet treatment.[@b30-imcrj-5-023] Thrombolysis is an optional regimen for acute vascular occlusion. Endovascular stenting, coiling, and embolization, although unproven, offer a potential new approach for these complex injuries.[@b31-imcrj-5-023],[@b32-imcrj-5-023] When the patients received endovascular treatment, deconstructive or reconstructive treatment was given. Deconstructive treatments sacrifice the parent artery, and include proximal occlusion or internal coil trapping of the parent artery. Reconstructive treatments preserve the parent artery patency using stents, with or without coiling. The treatment type was determined on a case-by-case basis at each interventional neuroradiologist's discretion according to the presenting symptoms, hemodynamic status, lesion type, and anatomic factors of the vertebrobasilar artery. Although there are limited data, endovascular management of extracranial arterial dissection should also be considered in patients with contraindications to antithrombotic agents of any kind or who fail medical therapy.[@b33-imcrj-5-023] Thus, the improvement of endovascular management technology is evident, and we should also discuss the indications for endovascular treatment when we see patients with intracranial vertebral artery dissection. The use of surgical methods in the form of thrombectomy, bypass, or ligation procedures, has been reported, but overall the role of surgery seems to be small and shrinking.[@b34-imcrj-5-023]

Although our patient was immediately paralyzed and ventilated, with unstable vital signs, earlier pursuit of an active diagnosis by magnetic resonance imaging or digital subtraction angiography might have been useful for developing a treatment plan to improve his outcome by using endovascular or surgical treatment. Unfortunately, we could not perform anticoagulation or antiplatelet therapy due to a subarachnoid hemorrhage, but endovascular treatment, as other choices, could have led to improvement of the neurological and overall prognosis in this case.

In conclusion, early recognition of vertebral artery injury is important to prevent permanent neurologic damage, with early institution of therapy, such as anticoagulation, antiplatelet, or surgical therapy, including endovascular treatment. Even if the patient is severely ill, the physician should consider diagnostic modalities which might lead to an accurate diagnosis, and the selection of treatment regimens should depend on the clinical manifestations and imaging findings.
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![Axial noncontrast head CT demonstrated hyperdense material within superior sagittal sinus.\
**Abbreviation:** CT, computed tomography.](imcrj-5-023Fig1){#f1-imcrj-5-023}

![(**A**) T2-STIR image demonstrates hyperintensity in left vertebral artery consistent with slowly flowing blood or occlusion (arrow) and hyperintense lesion in spinal cord (arrow head). (**B**) Axial T2 image showing hyperintense lesion involving bilateral medial medulla (arrow). (**C**) Sagittal T2-weighted image showing atlantoaxial subluxation, fractured C2 odontoid process (arrow) and hyperintense lesion extending from medulla to C5 (arrowheads).](imcrj-5-023Fig2){#f2-imcrj-5-023}

![Anteroposterior vertebral arteriograms showing the left vertebral artery occludes and contrast flowstops within the cervical vertebral artery.](imcrj-5-023Fig3){#f3-imcrj-5-023}
